Atheromatous plaque rupture and subsequent thrombosis are the main causes of acute coronary syndrome (ACS) including acute myocardial infarction (AMI), unstable angina pectoris (UAP), and sudden cardiac death (1, 2 ). Plaque instability is associated with a high macrophage content and a thin fibrous cap. Matrix metalloproteinases (MMPs) have the capability to degrade the extracellular matrix of the fibrous cap, predisposing to plaque rupture (3 ). Macrophages are the major source of the MMPs, of which MMP-9 is the most prevalent form. Several lines of evidence suggest that MMP-9 could play a potential role in atheromatous plaque disruption and in the molecular mechanism of ACS (4, 5 ) . Clinical trials have demonstrated that statin therapy reduces cardiovascular events and mortality (6, 7 ) . The MIRACL Study demonstrated that atorvastatin treatment during the acute phase of ACS reduced recurrent ischemic events (8 ). In addition to the effects on lipid concentrations, stabilization of atherosclerotic plaques and attenuation of the inflammatory response may account for the clinical benefits of statins in ACS. Animal experiments and clinical studies have shown that statins can stabilize plaque by increasing the collagen content and inhibiting metalloproteinases (9 -11 ). Plaque stabilization could be achieved by direct inhibition of MMPs by statins.
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For this study, we enrolled 40 patients with ACS (including 17 with AMI and 23 with UAP), who were in their first episode. All of the UAP patients fulfilled the criteria for class IIIB of the Ham and Braunwald (12 ) classification of unstable angina. The diagnosis of AMI was based on a history of ischemic chest pain, characteristic electrocardiographic changes, and increased creatine kinase-MB activity at least twice the upper reference limit (Ͼ48 U/L) within 24 h after the onset of pain. Exclusion criteria included body temperature Ͼ38.0°C, severe heart failure (NYHA class 3 or 4, Killip class III or IV for AMI patients), inflammatory diseases, impaired liver function, renal failure (plasma creatinine Ͻ178 mol/L), previous lipid-lowering therapy, and recent major surgery. The patients were randomly separated into two groups to receive conventional therapy (group A; n ϭ 20) or a combination of conventional therapy plus 10 mg/day atorvastatin (group B; n ϭ 20) for 4 weeks. Conventional therapy included aspirin, beta-blocker, angiotensin-converting enzyme inhibitor, low-molecular-weight heparin, and urokinase (for AMI patients). All patients gave written informed consent before study entry. The study protocol was approved by the Ethical Committee of Central South University. Twenty healthy individuals who were age-and sex-matched with patients served as controls.
Peripheral venous blood was drawn in heparin-containing tubes after overnight fasting at baseline and after 4 weeks. Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll-Hypaque (Shanghai Biotech) gradient centrifugation. The PBMCs were aspirated and washed with Hanks Balanced Salt Solution (Sigma) twice and with RPMI 1640 (Gibco Life Technologies) once. The final pellet was suspended in serum-free RPMI 1640, and the cells were plated at a density 1 ϫ 10 7 cells/flask. Cell viability was routinely Ͼ95% as demonstrated by trypan blue exclusion. Nonadhering cells were moved after 6 h of incubation. Adhering monocytes were cultured for 24 h with RPMI 1640 supplemented with 2 mmol/L N-acetyll-alanyl-l-glutamine, 100 000 units/L penicillin, 100 mg/L streptomycin, 20 g/L sodium pyruvate, 20 mmol/L HEPES (Gibco Life Technologies), 100 mL/L heat-inactivated fetal calf serum (Gibco Life Technologies) and 1 mg/L lipopolysaccharide at 37°C in 5% CO 2 . For the in vitro study, monocytes were exposed to various concentrations of atorvastatin (0, 0.1, 1, and 10 mol/L) dissolved in dimethyl sulfoxide (Sigma) for 24 h. Cell culture supernatants were collected and stored at Ϫ70°C for MMP-9 analysis.
All cell supernatants and plasma were analyzed for MMP-9 by ELISA (Quantikine TM ; R&D Systems) according to the manufacturer's instructions. The lowest detection limit for MMP-9 was 0.156 mg/L. The imprecision (CV) was 2.9% at the upper reference limit and 2.3% in ACS patients. Total cholesterol and triglyceride concentrations were measured by enzymatic methods. HDL-and LDL-cholesterol were measured by direct methods.
Statistical analysis was performed with the SPSS 10.0 statistical software package (SPSS Inc.). Data with a gaussian distribution are reported as the mean (SD), and skewed data are presented as the median (25th-75th percentiles) if not otherwise mentioned. Comparisons between groups were analyzed by t-test (two-sided) or one-way ANOVA followed by the Bonferroni test for experiments with more than two subgroups when appro-priate. Comparison of categorical variables was by 2 test. Because some data were skewed, nonparametric tests (Wilcoxon signed-ranks test for paired data and MannWhitney U-test for unpaired data) were used. A P value Ͻ0.05 (two-tailed) was considered statistically significant.
There were no significant differences in baseline characteristics between the two treatment groups (Table 1) . Patients with ACS had higher plasma MMP-9 concentrations than the controls [median (25th-75th percentile), 27.9 (7.4 - There was no significant change in lipid profiles at the end of 4 weeks in the group receiving conventional therapy, whereas total cholesterol, triglycerides, and LDLcholesterol concentrations were significantly lower (data not shown) in the group receiving conventional therapy plus atorvastatin. After 4 weeks, plasma MMP-9 had decreased significantly in both groups: from 26.6 (13.8 -45.9) to 17.7 (13.0 -29.8) mg/L the group receiving conventional therapy; and from 28.3 (10.8 -50.1) to 12.1 (6.5-22.1) mg/L in the group receiving conventional therapy plus atorvastatin (P Ͻ0.05 for both). The decrease in plasma MMP-9 in the group receiving conventional therapy plus atorvastatin was significantly greater than in the group receiving conventional alone (P Ͻ0.05).
MMP-9 in PBMC supernatants was significantly lower in two the ACS patients groups after therapy (P Ͻ0.05 for both), but the differences in MMP-9 between baseline and the values after 4 weeks in the two groups were not significant (Fig. 1A) .
Atorvastatin significantly decreased the production of MMP-9 in PBMCs in vitro up to 62% (P Ͻ0.05), in a dose-dependent manner. The differences in MMP-9 concentrations produced in the presence of various concentrations of atorvastatin were also significant (P Ͻ0.05; Fig.  1B ).
The present investigation shows that plasma concentrations of MMP-9 in patients with ACS are significantly higher than those in controls, which is consistent with other studies (5 ) . Furthermore, our study showed that the amount of MMP-9 released by PBMCs from patients with ACS is significantly higher than the amount release by PBMCs from healthy individuals, which indicates that circulating monocytes may be one of the sources of circulating MMP-9 and could thus contribute to plaque degradation by secreting MMP-9.
Recently, MMP-9 was identified as a risk factor for unfavorable outcome in patients with coronary heart disease (13 ), which suggests that MMP-9 could serve as an indicator for estimating the effectiveness of treatment in patients with ACS. In the present investigation, the 
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MMP-9 concentrations in blood samples from the group receiving conventional therapy plus atorvastatin showed a larger decrease than those in the group receiving conventional alone. From the above findings, it is tempting to speculate that the atorvastatin-induced reduction in plasma MMP-9 may, in part, provide clinical benefits in patients with ACS, although this hypothesis was not formally confirmed in the present investigation. Interestingly, plasma MMP-9 in the group receiving conventional therapy alone also decreased significantly, which could be attributable to aspirin and angiotensin-converting enzyme inhibitor, which have been shown to decrease MMP-9 production (14, 15 ) . We found that atorvastatin lowered the production of MMP-9 released by monocytes from health donors in vitro in a concentration-dependent manner, which is in accordance with previous studies (16, 17 ) . Porter and Turner (18 ) observed that simvastatin inhibited MMP-9 secretion after much longer incubation. Further study is needed to determine whether the effects of atorvastatin on MMP-9 secretion by monocytes are also concentration dependent in vivo. Although productions of MMP-9 in PBMCs from patients with ACS was significantly lower after 4 weeks of therapy in both the conventional and conventional plus atorvastatin groups, the differences between baseline and the values after 4 weeks in the two groups were not significant, which may be attributed to the low atorvastatin dose used in the present study. Microscopic urinalysis has been a particular focus of our research and development regarding computer-based competency assessment (3) (4) (5) . In one study, we used computer-based urinalysis competency assessment for 2 years in one institution (4 ) . We reported the overall competency of 58 technologists and highlighted areas of conceptual difficulty encountered by these technologists. In a later study, we demonstrated the feasibility of Webbased urinalysis competency assessment, presenting competency assessment performance data from 369 technologists across 131 clinical sites (5 ) . Both studies showed how computer programs can be used to assess the performance of an individual or group of technologists over time.
The work presented here is a significant extension of our previous work regarding online competency assessment of laboratory personnel. Since July 2002, we developed a subscription-based online competency assessment system for 14 different areas of laboratory services and implemented it in the US in ϳ225 laboratories. The purpose of the system is to provide an objective method of competency assessment that laboratories can use to supplement, but not replace, the more traditional approaches to competency assessment, such as direct observation. We report the results from one 6-month examination period and demonstrate how participating laboratories can use the results for benchmarking and quality improvement.
The laboratory competency assessment system is administered on-line to employees of subscribing laboratories. The system was produced collaboratively by the University of Washington Department of Laboratory Medicine and Medical Training Solutions (Seattle, WA). The minimal system requirements are Microsoft Internet Explorer, Ver. 5.0, Windows Media Player 6.4, Microsoft Windows 95, a Pentium-class processor, and a 16-bit color display capable of 800 ϫ 600 resolution. A sound card is recommended but not required, and a printer is necessary if hardcopies of examination results are desired.
At the time the results presented below were generated, the system consisted of examinations in 14 different topics of laboratory medicine and administrative features that allowed supervisors to select examinations for each employee and view examination results. The 14 examination topics were phlebotomy, specimen processing, employee safety, general chemistry, microscopic urinalysis, toxicology, general hematology, body fluids (cerebrospinal fluid and serous fluids), coagulation, general microbiology, Gram stains, hepatitis and HIV antibody testing, transfusion services, and blood donor services. There were two examinations per year for each topic. New examinations containing all new questions were made available on January 1 and July 1, and old examinations were retired when new examinations became available.
Laboratory supervisors selected the specific examinations for each employee. For example, a phlebotomist might be required to take the phlebotomy examination and the safety examination, but no other examinations. An employee in a chemistry division of the laboratory might be required to take safety, general chemistry, urinalysis, and toxicology, but no other examinations. The competency assessment system sent e-mail reminders to participating employees. The e-mail contained a link directly to the required examinations, and by using the e-mail link, employees avoided the need to log in or remember passwords.
Each examination consisted of 10 multiple-choice questions accompanied by an associated image or video. Fig. 1 shows a typical question from the safety examination. Those who took the examinations received detailed feedback after answering each question and a performance summary at the end of the examination. Laboratory supervisors could view all results and print summaries, which could be used for documentation during laboratory inspections.
For this study, the data from the laboratory competency assessment system were recorded on a server and then downloaded into Microsoft Excel for analysis. We report mean scores across individual exam takers along with the median and range of test scores. Where appropriate, we Clinical Chemistry 50, No. 4, 2004 
